• Abstract: Species composition, faunal density, species diversity and zonation patterns of benthic macrofáUIUl, as well as its relation to sediment characteristics were examined and compared in three sandy beaches on the polyhaline area at Santos estuarme system in the State of São Paulo. Samples were collected quarterly during one year (July/1977 "' May/1978. Low, mean and high intertidal leveIs were sampled Polychaetes dominated the faUIUl, both in terms of numbers of species and numbers of individuals. The community structure ofPonta da Praia beach was characterized by high density, low diversity (H') and evenness (J'), due to the dominance of the spionid Scolelepis squamata. At Vicente de Carvalho the fauna was characterized by the dominance of the polychae~es Laeonereis acuta and Capitella capitata and presented low density, high diversity and evenness. At Bertioga Channel, intermediate values were observed and the fauna was dominated by Scololepis squamata andLaeonereis acuta. The sediment texture was responsible for those figures, although some difIerences in diversity may be explained by difIerences in wave energy. The low number of crustaceans and molluscs suggests the effect of the estuarme pollution upon the fauna. The zonation pattem of both species distribution and community structure differed at the studied sites; it was not correlated with sediment characteristics which were relatively uniform down shore; however, the lowest diversity was observed at the high leveI in all sites.
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and tropical, presenting a mean annual temperature of 22°C (Santos, 1965) . Tides are semidiurnal and the mean tidal range is 0.77 m (Brasil, DHN, 1977) . Three sites were chosen in the polyhaline area of the system (Fig. 1) , salinities ranging from 19 to 340/00 (Corbisier, 1981) . Water temperature ranged -from 21.0 to 29SC over the study period.
Site 1, Ponta da Praia Beach, at the entrance of Santos ChanneI is a sand depositional zone, 50 m wide deeply situated at the Santos Bay. Site 2, Vicente de Carvalho Beach is situated in the interior of the Santos ChanneI, very close to the port area, unliable to wave action and approximately 40 m wide. These two beaches are gent1y sloped (1:33). Site 3, approximately 40 m, with a slope of 1:25, is situated on the northem margin of the Bertioga ChanneI, at its eastem entrance, on one side of the channel. Following McLachlan's definition ofbeaches (1980) in terms of exposure to wave action, the three beaches were considered very sheltered. For the purposes of this study, they were distinguished as semi-sheltered (site 1), sheltered (site 3) and very sheltered (site 2), according to increasing sheltering conditions. 
Material and methods
At each study site, one transect was established and three intertidalleveIs were chosen on each transect. They were located near 0.0 water levei (low), mean and high tide leveis, the last one v.ear 1.0 water leveI, and the other one at the mean distance between the other two. These leveis were located with reference to permanent landmarks in relation to 0.0 water leveI. The samples were collected at 3-monthly intervals during one year: July 28 -August 2 (winter), October 29 -30 (spring) 1977, January 31 -February 1 (summer) and May 5 (fall) 1978. During ebb-tide, ten replicate sedim~nt samples were randomly collected within an area of 1 m ,at every leveI, using a PVC core, 10 em diameter x 10 em deep, giving a total sampling area of 0.08 m 2 • This number of cores was determined as representative in a previous collection (Corbisier, 1981) . All samples were gent1y washed on a 05 mm mesh sieve so as to remove excess sediment, and preserved in 70% ethanoI. In the laboratory, macrofaunal organisms were sorted under stereomicroscope, identified to the lowest possible taxon and then counted. One core (the same size as described above) was taken from each leveI in order to estimate grain size distribution and organic matter contento Sediment was analysed by sieving and pipetting classic methods (Suguio, 1973) . To estimate the total percentage of organic matter, an aliquot was taken out of each sample before washing, dried at 70°C, and afterwards combusted in a muffle fumace at 550°C for 2h.
Community structure was evaluated by comparing number of individuais per 0.08 m 2 (N), and species numbers (S), Shannon index of species diversity (H', log 2) and Pielou's index of evenness (J') per sample (Pielou, 1969) . As suggested by Dauer & Simon (1975) numbers of individuais per site were estimated ~ calculating the average number of individuais per 0.08 m from the three leveis to reduce error due to patchiness distribution of organisms. The differences among sites were examined by KruskalWallis rank test K (2 -tailed probabilities) (Zar, 1974) and "a posteriori" multiple comparison test of Dunn (Gibbons, 1976) . Correlations were. examined using Spearman rank coeficient rs.
Results

Sediment
The sediment was characterized as very fine sand (Mz between 3 and 40) at all sites (Table 1) . At sites 1 and 3, the sand was well to very well sorted, while at site 2 it was predominantly moderately sorted, with a higher d than the other two sites (Tables 1 and 7 ). Statistical analysis of the sorting coefficient of the sediments has not shown zonal trends high to down shore at any of the beaches (Table 7) .
In sediments with higher silt-clay content (site 2), organic content was also high (Tables 1 and 7) . A positive correlation was found between these two parameters (rs = 0.72, rscrit = 035). There were no significant differences in the distribution of these two factors among tidalleveIs at any of the study sites, except for silt -clay at site 2, which was generally lower at high levei (Figs 2 and 3, Table 7 ).
Macro/auna
Species composition and numerical dominan~
A total number of 24 species of benthic macroinvertebrates was identified in the samples (Tables 2 to 5 ). Polychaetes dominated the fauna, both in terms of species (14 species) and number of individuais (92.2 to 985% of total fauna). They were followed by bivalves with seven species and from 03 to 7.6% of total number of individuais.
At site 1, the spionidScolelepis squamata accounted for 86.7 to 98.4% of all macrofauna and was present throughout the year. This species was considerably abundant at the high intertidal level (Tables 2 to 5 ). Agregates of tubes of Diopatra cf cuprea were always observed at this beach; however its presence was not quantified because its distribution was deeper in the sediment than the depth of the samples. The bivalve Donax gemmula was the one significantly represented. This species was more numerous at lowand middle leveis, depending on the water level This species was absent from samples during the fall (Table 5) .
At site 2, the numerical dominant species were the nereid Laeonereis acuta (38.8 -75.4% of total) and the capitelid Capite/la capitata (12.7-35.6%) mainlyat the high intertidaI level (tab. 2 to 5). The pilargidSigambra bassi was substantially found (2.5 to 13.6% in total fauna). The glycerid Glycinde multidens, the bivalves Anomalocardia brasiliana and Tagelus divisus were commonly observed in low numbers. The decapod Callinectes sp was the only crustacean that occurred in more than one sample.
At site 3, the spionid Scolelepis squamata was the dominant species (825 -953%), except during the fall. The second more abundant species was Laeonereis acuta (3.1 -13.1%) from winter to summer. Capite/la capitatawas not found in winter samples (Table 2) but, during the fall, this species represented 57.8% of total fauna, while S. squamata, 313%. Polychaetes were usually more abundant at high and middle intertidalleveIs; but during the fall, a beach profile modification was observed and polychaetes occurred only at middle and low leveis (Table 5 ).
Community structure
Differences in overall faunal density were observed among the three study sites as well as along the leDgth of each transect (Table 6 ). The highest densities (249 to 724 inds.O.08m -2) occurred at site 1, w~e the lowest were observed at site 2 (35 to 141 inds.O.08m -) (Tables 6-7). The general standard of total faunal density was a rise in number of individuais from low to high leveis, except during the fall, at site 3 (Tables 6-7) .
A pattem of species numbers along each transect on the beaches was not observed, but a significant difference among the sites was observed, site 1 presenting a lower number of species than site 3 (Tables 6-7). . Species diversity (H') and evenness (J') varied considerably from season to season at a given site and leveI' (Table 6 ). Overall diversity and evenness were generally higher in site 2 and lower in site 1 (Table 7) . The zonation pattem of species diversity and evenness was not similar in the three sites. At site 1, the highest values of diversity and evenness were observed at the middle leveI, whereas these values were usually lower at the high leveI, although the J' values were not significantly different (Tables 6-7) . At site 2, the lowest values were found at the high leveI (Table 7) . This was aIso true for site 3, except during the fall, when the highest species diversity and evenness were found at the middle leveI, showing insignificant diferences among leveis in H' and J' (Tables 6-7).
Discussion and conclusions
Comparlson among sites
The sites were marked by polychaetes dominance probably on account of the sheltered characteristic of the sites. This was observed by both Knott et ai. (1983) and Croker (1977) , in ~e V.S. Atlantic coast in contrast with the dominance of peracarid crustaceans in larger exposed sandy beaches. Dextei" (1983) found the same in beaches of New South Wales, Australia. In South Brazilian sandy beaches, which are exposed to strong wave adion, great numbers of bivalves and crustaceans characterize the intertidal zone (Gianuca, 1983 (Gianuca, , 1987 Loyola e Silva et aJ., 1984 . In contrasto in the northem coast of São Paulo State sandy beaches not so exposed to wave action present greater polychaetes numbers aside from crustaceans and molluscs (Amaral et aJ., I990) .
Sediment at sites 1 and 3 was structurally simple (in Gray's concept, 1974), constituted by very fine and well sorted sand, with low silt -clay and organic matter contents. These factors seem to be responsible for the numerical dominance of the spionid Scolelepis squamata and, consequently, for the low diversity and evenness of the sites. This result is in accordance with Reti~re (1967) and Wolff (1973) who correlated the distribution of S. squamata with well sorted sands. On the northem coast ofSão Paulo State, S. squamata also occurs preferentially in fine sediments (Amaral, 1979; Amaral et aJ., 1990) .
At site 2, the sediment was structurally niore compleXo constituted by very fine sand with higher percentage of coarse sand as well as silt-clay and organic matter. At this site, diversity and evenness were greater than at the other sites moreover a lower faunal density. These results were in accordance with Gray's hypothesis (1974) that intertidal variations of diversity be influenced by structural sediment complexity. As Read et aJo (1978) have suggested, high values of diversity and species number are positively correlated to silt-clay content in predominantly sandy beaches.
The texture of the sediment was the studied fador responsible for the differences observed in species composition and dominance among the studied sites, as well as in community structure . On the other hand, the small difference observed between diversity index of sites 1 and 3 seemed to retlect a difference in"wave exposure of the sites. Site 1 is moderately exposed to wave action and, as a result, diversity is lower. The degree of wave exposure has an effect on aspects of community structure. Croker (1977) found that species richness, evenness and diversity were all considerably higher on a semi-protected intertidal beach than at a moderately exposed site in U .S. AtIantic coast. Knott et aJo (1983) observed the same in the studied beaches after an increase of sheltering owing to a jetty construction, although sediment features did not change. Dext:er (1983), studying sandy beaches in New South Wales, Australia, also found that more species occurred with an increasing protection from wave exposure.
At site 3, the observed change in fauna! dominance during the fall migq.t be explained by an accumulation of sand, primarily observed at high level The polychaete Capitella capitata is known as an opportunistic species in situation of fine sediment deposition (Eagle & Rees, 1973) . Owing to a lack of previous quantitative work in the studied area, a quantitative evaluation of the effects of pollution upon the intertidal associations could not be conducted Nevertheless, the extremely low numbers of crustaceans and bivalves collected during the investigations suggest tbis effect. This was also suggested by Tommasi (1979) in relation to the infralitoral bivalves of Santos ChanneL In the estuarine-Iagoonal system of 19uape-Cananéia, considered as unpolluted, Varoli (1988) observed that polychaetes were numerically dominant in the studied sand flats, whereas peracarid crustaceans were the second group in abundance. A possible explanation might be the constant presence of hydrocarbonates in the Santos estuarine system (CETESB, apud Tommas~ 1979) which might affect some of those organisms in their planktonic stages. In the polluted Tees estuary, England, the most dramatic reduction in the macrofauna had been in the bivalves, possibly due to the effect of pollution on their larval recruitment (Gray, 1976) . The species that had disappeared were primarily those with long lived planktotrophic larvae. The reduction in crustaceans and bivalves numbers in relation to organic enrichment and pollution was also reported by Pearson & Rosenberg (1978) who analysed results of several studies.
Diversity index of the three sites varied from 0.19 to 2.29 bits.ind.-! (Table 6 ). Tbis range in species diversity H' is the same as that reported for tropical, temperate and boreal sandy beaches exposed to strong wave action (respectively, Dexter, 1972 and Croker, 1977 . Tbis fact suggests that macrofaunal associations in the study sites were subjected to a high environmental stress.
IntertidaJ zonation
In the studied beaches, sediment composition from high to lowintertidal zone was relativelyuniform. Therefore, the pattem of species distribution among different levels was not correlated with sediment characteristics. Salinity of interstitial water, water content of sediment and time of air exposure can be responsible for species distribution (Newell, 1979) , as well as biological interactions such as predation or competition (McLachlan, 1983) . Although these factors were not evaluated in this study, great abundance of Laeonereis acuta and Scolelepis squamata at high shore might be re1ated to low salinity of interstitial water. The abundance of these species was related to salinity of interstitial water lower than 100/00 in Ubatuba beaches on the northem coast of the State of São. Paulo (Amaral, 1979) .
As regards the donacid Donax gemmula in site 1, it was observed that its distribution varied in relation to tidal leveI, a typical migratory behaviour of the genus (Domaneschi & Lopes, 1988) .
The present results has not suggested a cIear faunal zonation, which is in accordance to McLachlan (1983) who stated that a real zonation pattem in sandy beaches has never been proved, although some species show preference for a certain leveI at the beach.
Differences in density, diversity (H') and evenness (J') were observed among tidallevels in the studied beaches .. At site 1, the faunal density increased from low to high shore, while diversity and evenness were great at the middle shore. This results from the overlap of population distribution of the donacid D. gemmula and the spionid S. squamata. At sites 2 and 3, species diversity and evenness were greater at lo~ leveI whereas density was greater at high shore.
The lowest diversity and evenness were generally found at high leveL Increasing in community structure towards low shore is usually related to intertidal stress gradient (Johnson, 1970; Gray, 1974; Holland & Dean, 1977; Dexter, 1983; ~ott et ai., 1983; McLachlan, 1983) , the greater diversity at the low leveI being re1ated to lesser physical stress. O reduzido número de crustáceos e moluscos coletados durante o período do estudo sugerem o efeito da poluição do sistema sobre essa fauna.
Nas praias, o padrão de distribuição das espécies e estrutura das comunidades entre os diferentes níveis não foi semelhante nos locais estudados, como também não foi relacionado às características do sedimento, relativamente uniformes; contudo, foi observado que a diversidade foi menor no nível superior de todos os locais.
